The fine scale mixing produced by a delta tab in a shear layer has been studied experimentally.
Introduction
Mixing enhancement has many technological benefits including increased combustion efficiencies and noise reduction. To achieve this via passive control is more desirable than active control in most applications. Intelligent and direct manipulation of the vortex dynamics seems to be a very effective way to increase mixing. Ma- is only the first step for most applications. In reacting flows, for example, mixing at the small scales is essential to allow the molecules to combine effectively. In jet engine applications, more efficient small scale mixing is expected to reduce noise via elimination of "hot spots" as well as by shifting the energy to higher frequency bands. Thus, a knowledge of the effect of the tab on small scale mixing is quite critical, and this provided motivation for the present study. which showed that an increase in overall jet spreading in their study was accompanied by an increase in the product formation. However, it is fair to say that the detailed dynamics of the small scale flow structures, for the tech-nologically important flow field under consideration, has remained virtually unexplored.
The PVC code provided an opportunity to explore these details, and this has been the primary objective of the present study.
.Experimental Facility and Procedure
The flow field chosen for the study was a two-stream plane mixing layer. This was generated in a 51 cm x 76 cm low speed wind tunnel. 12 The top speed of this open return, subatmospheric wind tunnel is about 15 ntis and the turbulence intensity is less than 0.1%. To generate a two stream mixing layer for this experiment, the following modification was made. A 33 cm chord symmetric splitter plate spanned the tunnel at mid-height; its maximum thickness was 1.27 era, and it tapered uniformly down to 0.05 cm. This plate sat on a frame which also housed two 16 mesh screens; the resulting velocity ratio was nominally 2:1. Through detailed diagnostic experiments conducted initially, a flap was placed at the leading edge to avoid laminar separation on the upper surface.
The high speed velocity was fixed at UI = 9.32 m/s, and the low speed velocity at U2 = 4.55 m/s. The shear velocity, AU = UI-U2, was used for data normalization.
The boundary layers at the plate trailing edge were nominally turbulent, with no identifiable peak in the velocity spectra. The boundary layer thicknesses at the trailing edge were 1.22 cm and 0.71 cm for the high and low speed sides, respectively. The shape factors were 1.5 and 2.0, and the momentum thickness Reynolds numbers were Re0 = 932 and 193, for the high and low speed sides, respectively.
The delta tab was a triangular piece of 0.05 cm thick metal shim, with a 90°angle at the apex. With the base fixed to the splitter plate trailing edge, the apex tilted into the high speed side at 45°with respect to the free stream direction. The base of the tab was 2.54 cm wide and its height was 1.27 era. Thus, the projected height was 0.90 era. The tab height and boundary layer thickness were comparable. This was deemed sufficient to produce the expected mixing layer distortion as observed in previous studies. The characteristic length scale for data normalization was chosen to be the tab width, w. This choice was based on the finding that the width of the tab is more crucial to the resulting flow field than the height. 4 Hz. The sensitivity of the X-wire to yaw angle was tested. At a 20°angle, the measured streamwise velocity overestimated the actual streamwise velocity by 1.8%.
The secondary velocity recorded a 4.4% increase at this angle. The X-wires, then, were calibrated at zero yaw and zero pitch (X,Z and X,Y planes) for both the u-v and u-w configurations.
The data were taken only where the average flow angles were less than 20°, downstream of X= 1.0.
The streamwise vorticity measurements were also conducted by a second method utilizing two X-wires simultaneously, with one in the u-v and the other in the u-w orientation. 3 While a yaw calibration was abandoned with this method, much finer grid resolution was employed in the Z-direction as well as the application of a gradient correction. Except for finer details, the amplitudes and vortex core locations obtained by the two methods agreed with each other. Except for the streamwise vorticity data, all measurements presented are from the single X-wire data.
Results

Mean Flow Quantities
The mean streamwise velocity is defined from the di- Further downstream, however, the mean velocity field becomes more and more distorted.
Beyond X = 2.0, the contours start to double back on themselves at the base-edge of the tab. The significance of this on the stability of the flow will be discussed later.
Additional insight is obtained from the mean secondary velocity maps. Figure 5 focuses on the plane at X = 2.0. In figure 5a , the vertical velocity, V, demonstrates a strong upwash behind the tab, and a weaker downwash at the side of the tab. The spanwise velocity, W, in figure   5b demonstrates outflow at. the top of the tab and inflow below the tab. These secondary flow patterns are con -_ sistent with the flow field that would be induced by a pair of counter-rotating streamwise vortices.
Using these data and the data grid, an estimate of the mean streamwise vorticity was obtained from _x = (AW/AY-AV/AZ). Figure 6 shows these data. The streamwise vortex core is clearly identifiable even at the for the U-profile at Z = 0.5, the rms-profiles peak at the main inflection point, but the N-profile peaks at the hump between the two new inflection points.
In an effort to gain further insight, a 2-D inviscid linear stability analysis was performed on the two profiles shown in figure 10a. The code was modified from 14 one for an axisymmetricjet with coflow. The jet radius R was set to 20 m, and mode 0 was chosen. For the es- 
Concluding Remarks
The effects of the tab on the developing shear layer are summarized in figure 11 . The center of the shear layer is indicated with the solid lines, and the peak concentra- 
